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TOPICS

Exploitation of Acoustic Color for Classification

/ Explosive sources
Multiple transmitters

Broadband Detection Assessment
! Optimal detector design
/ Measurement based predictions
/ Model baseri preagict. uns
Image Loeping
! System motion
/  Environmentai interpretation
/  Tracking

Auto-coherence with Near Field Point Sources of
Uncertain Location

TAccesion For
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| Dist ibution]

/  Left-right resolution

/ Incoherent plng combination Availability Codes

Avail and/or
Spucia

Al |
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Processor Throughput Status
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CST7, Low Wind (4 m/s)
Sum of Three Passbands
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Cross Section (d8, Arbitrary)
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Surface Reverberation Spectral Color
Low Wind (4 mv/s), CST7
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o
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Acoustic Color For Bottom Clutter
Depth: 80 Fathoms

Cross Range [Kmj
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Broadband Image For Bottom Clutter
Depth: 80 Fathoms
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Broadband image
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SCATTERING MECHANISM SEGMENTATION
BASED ON SPECTRAL SHAPE

MECHANISM (5 ) MECHANISM @
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NARROW BAND VS. BROADBAND DETECTION

Reievant Parameters

noise (all non-target fluctuations) PSD: Pp ()

signal ESD: E (w)
signal spread: T
Narrowband

- Nosignal spread = Aw T=1
- intuitively SNR is ratio of powers

2PsAw _ Edo _EAw
2PhAw TPhAw  Pp

SNR =

Broadban'é

 Parameters vary with frequency so that optimal
combination of frequencies is an issue.

e Aw T>1 due totarget spread, so this must be
factored into performance.

11
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SIGNAL MODEL
| Je (t)
—i
ds(t)
Signal :  s(t)=~e(t-a)ds(t)
ds(t) - colored Gaussian process with known
PSD Pg (w)
e(t) -  deterministic "slowly varying" signal

energy envelope

a - unknown signal position
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CPTIMAL BROADBAND "ENERGY" DETECTOR

Likelihood ratic test on measurement m(t) leads to the
following optimal energy detector:

a weighted square —:aw detecior:
da) = | mi(t) et - a)dt

-0

with the linear filter:

. o 12

, Mw) / P ] 2ot

m;(t) = { S e'=" 4
1Y J Pr11/2 L.Ps*‘Pn

M(w) = | m(t) 72" dw

P, =noise PSD , P, =signal PSD

The filter power transfer function is

HE =
Pn P st Pn
OPTIMAL
Z NOISE \_
WHITENER &‘gggﬁﬁg"
13
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SNR FOR THE OPTIMAL DETECTOR

2
dsﬁn - dn/

var(dy)

Standara detector power SNR i3

This ‘can be expressed exactly as

. 2, |
:J E°iw) dﬂ))
1 Pn(Ps+Pn)

SNRg =

2T E(a)) ) da
J P = / -
where
(jedt)2 o _E
- je?dt T

for small signal power, and small bandwidth

B\
SNRg — TAco(-—?‘—)
Pn

The usual result for energy cletection (e.g. Urick case Il).
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DETECTOR SNR VS, POWER €NR

.o
& T

15 -+

v

ENERGY DETECTOR——¢ //

—~
E 10 T /
g ®___ MATCHED FILTER
w (MAXIMUM POSSIBLE
. | PERFORMANCE)
O -
0 5 10

Power SNR: Pg /P, (dB)

= energy detector SNR poor meacurs of
performance for P / P, 2 0 dB.
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FIGURE OF MERIT

¢ A figure of merit must be interpratabls in ierms of
SCC pertermance.

e A yseful bound is:

forPy=1/2.  Pey 2 ™ Py

where A4 = < log-likeiihood in signal and noise >.

. For tire classical matched fiiter
Ay =1/2 SNR

therefore 2A4 is the appropriate SNR-like figure of
merit.

———

e  This can be expressed analytically

2x,=T“E§-—tog(1+Ei)]dw

P, L Py
where
dt)® E
T=Ue P. ==
[e?dt T

16
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ACT1 Simuiation: Ratic of Target TL to Bottom TL
. 200 Hz Omni Source, Bottomed Array
20 m Target Depth
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ACT1 Simulation: Ratio of Target Ti to Bottom TL
. 200 Hz Omni Source, Bottomed Array
40 m Target Depth
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ACT1 Simulation: Ratio of Target TL to Bottom TL
. 200 Hz Omni Source, Bottomed Array
80 m Target Depth
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ACT1 Figure of Merit Simulation
Omni Source
Target Depth=40 m, Target Strength=5 dB

30

Signal Excess (dB // uPa?/Hz)
o S

North-South Distance (km)
=)

-40 -20 0 20 40
East-West Distance (km)

Tue Aug 24 18:02:20 1983 fom.sim.omni.40m.bb.ps
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ACT1 Bottom Reverberation Level Simulation
. Omni Source, Bottomed Array, 50 Hz
Includes Spherical Spreading Correction and Backscatter
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ACT1 Bottom Reverberation L.evel Simulation
. Omni Source, Bottomed Array, 200 Hz
Inciudes Spherical Spreading Correction and Backscatter
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ACT1 Bottom Reverberation Level Simuiation
Omni Source, Bottomed Array, 100 Hz
Inciudes Spherical Spreading Correction and Backscatter
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ACT1 Bottorn Reverberation Level Simulation
. Omni Source, Bottomed Array, 400 Hz
Inciudes Spherical Spreading Correction and Backscatter
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ACT1, Event mrih13, Omni Source, Bottomed Array
1 Octave Band Centered on 400 Hz

Up Slope

Cross Section (dB re 1 m?)
o 3

Down Siope (km)
o

Cross Siope (km)
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ACT1, Event mr1h13, Omni Source, Bottomed Array
1 Octave Band Centered on 200 Hz
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ACT1, Event mrth13, Omni Source, Bottomed Array
. 1 Octave Band Centered on 100 Hz
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ACT1, Event mr1h13, Omni Source, Bottomed Array
1 Octave Band Centered on 50 Hz
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ACT1 Bottom Reverberation Level Simuiation
"Omni Scurce, Bottomed Array, 400 Hz
Includes Spherical Spreading Correction and Backscatter
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ACT1 Bottom Reverberation Level Simulation
~Omni Source, Bottomed Array, 200 Hz
Includes Spherical Spreading Correction and Backscatter

Normalized RL (arbitrary dB)
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ACT1 Bottom Reverberation Level Simulation
“Omni Source, Bottomed Array, 100 Hz
Includes Spherical Spreading Corrgction and Backscatter
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ACT1 Bottom Reverberation Level Simuiation
. " Omni Source, Bottomed Array, 50 Hz
Inciudes Spherical Spreading Correction and Backscatter
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ACT1, Event mr1h13, Omni Source, Bottomed Array
1 Octave Band Centered on 400 Hz
Cut Through image Along Slope
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ACT1, Event mr1h13, Omni Source, Bottomed Array
" 1 Octave Band Centered on 200 Hz
Cut Through Image Along Slope
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ACT1, Event mr1h13, Omni Source, Bottomed Array
1 Octave Band Centered on 100 Hz
Cut Through Image Along Siope
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ACT1, Event mr1thi13, Omni Source, Bottomed Array
- 1 Octave Band Centered on 50 Hz
Cut Through image Along Slope
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AUTO-COHERENCE WITH NEAR FIELD POINT
SOURCES OF UNCERTAIN LOCATION

SOURCE

® »‘\F'H:IAYo °

[ J
¢ @ source

®
SOURCE

N phones
= 2N + 2M unknowns

M sources
MN measured arrival times

For M = 3, N large. there are many more measurements
than unknowns

/  This can be solved in principal for all relative
positions.

37
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AUTO-COHERENCE WITH NEAR FIELD POINT
SOURCES OF UNCERTAIN LOCATION (continued)

/ The obvious least errcr minimization approach is
intractabie:

a 12th degree expression must be minimized in
(2N + 2M) dimensions.

/A unique reduced expression has been derived
which is 6th degree in 5 unknowns.

/ An algorithm has been developed and tested

exploiting this expression which works with modest
computational requirements.

For ACT | (3 sources, 25 phones)

Computer Run Time
HP 9000/735 ~ 20 minutes
SPARC Station 2 ~ 6 hours
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ARRAY YAW MEASURED DURING ARPA
PHASE OF CST 7

MEASURE ANGLE

/ Limited sensitivity
/  Cannot separate vertical and horizontal

YAW (DEGREES)

TIME AFTER 72 20:58:21 (S] shoiytos

39
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ARRAY MOTION ANCG ITS EXPLOITATION

.MOVES AFT

1

e

CONTACT ®\IOVES

FORWARD

This can cause many apparent moving contacts if
not accounted for. |

This distortion can in principle provide

Attual array motion
Unambiguous and stationary left-right views.
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~_Processor Cutput
500 : " . ] :

250 g

Cross-range (m)
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Actual Scene
500 e

250 |

Cross-range (in)
o

-250

-500 : ,
-500 -250 0 250
Range (m)




SPATIAL RESOLUTION {meters)

ARS-235-037-8

SPATIAL RESOLUTION USING IMAGE

REGISTRATION

CST MFA Image over 10 km range

—h

FEATURE WIDTH =100 m

f=  FRACTION OF IMAGE WITH
HIGH SNR FEATURES

1/2m

100

1000
BANDWIDTH (Hz)
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Areté Engineering Technologies Corporation

P.O. Box 8050
La Jolia, CA 92038

4 QOctober 1994

Dr. William Carey

Advanced Research Projects Agency
Maritime Systems Technology Office
3701 North Fairfax Drive

Arlington VA 22203-1714

Reference: MDA972-91-C-0063
Dear Bill:

Upon review of our contract files we found that copies of some quarterly reviews for
CLIN 0003 on the above referenced contract were not forwarded to your office. For your
convenience I have enclosed the following reports:

D “High Resolution Bottom Characterization” (ARS-235-021-B), dated 4 May
1993,

2 “ARPA Progress Report” (ARS-235-037-B), dated 26 August 1994.

3) “Broadband Low-Frequency Acoustic Imagii.g” (ARS-235-049-B), dated 21
December 1993.

Copies of the remaining quarterly reviews for CLIN 0003 have been delivered; “DARPA
Quarterly Review” (ARS-235-001-B), dated 6 January 1993, and “Nearfie!d Imaging
During CST 7, Phase III (U)” (AS-93-0009.0), classified SECRET and dated | March

1994, '

-

If you have any questions, or require more information, please call me at (619)450-1211.

) A

D. W. Miklovic, i n.D.
Vice President

DWM:dj
SD-093

Enclosures:  As stated above

ccC: See Distribution
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G. E. Mayberry :
Advanced Research Projects Agency
Contracts Management Office

3710 North Fairfax Drive

Arlington VA 22203-1714

Maritime Systems Technology Program Office

4301 North Fairfax Drive, Suite 700
_Arlington VA 22203

ATTN: Contract MDA972-91-C-0062

Defense Technical Inforrnaﬁon Center
Building 5, Cameron Station
Alexandria VA 22304-6145
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